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The principle tenet for all surgeons who perform carotid
endarterectomy (CEA) should be a commitment to increase
the safety of surgery, but there is no agreement on whether
the routine use of intraoperative completion imaging
should be performed to conﬁrm the technical adequacy of
CEA.1,2 This divergence is partially due to the positive
outcome of CEA in patients without the use of completion
imaging3e5 and to the fact that some postoperative strokes
are unrelated to the surgical technique. But does a careful
technique with the use of intra-operative magniﬁcation
eliminate the need to further examine the adequacy of the
surgical repair? Many authors have shown that detection by
completion imaging and correction of any signiﬁcant tech-
nical defect lowers the risk of postoperative stroke.6e14
The purpose of this debate is to review the use of
completion imaging to assess the prevalence of residual
defects after CEA and its effect on both postoperative
stroke and follow-up results including restenosis.
COMPLETION ANGIOGRAPHY
We have previously reported in a prospective study15 the
results of 1179 consecutive primary CEA with routine
completion angiography (CA). In this series, the decision to
perform a surgical revision was decided only for signiﬁcant
defects including (1) a residual stenosis of more than 50% of
the internal carotid artery (ICA) or common carotid artery
(CCA) and of more than 70% of the external carotid artery
(ECA), (2) any ﬂap, and (3) any intraluminal-ﬁlling defect.
Adopting these criteria, CA revealed signiﬁcant defects in 72
cases (6.1%) warranting revision for external carotid artery
ﬂap (n ¼ 30), thrombus in contact with the patch (n ¼ 7),
distal internal carotid artery (ICA) ﬂap or stenosis (n ¼ 20),
and common carotid artery (CCA) ﬂap or residual plaque
(n ¼ 15). Logistic regression analysis showed that total
length of the carotid plaque >6 cm (OR: 2.31; 95%CI [1.21e
3.72]), blind eversion endarterectomy of the external
carotid artery (OR 3.41; 95%CI [2.10e5.94]) and trainee as
ﬁrst operator (OR 2.42; 95%CI [1.81e4.23]) were indepen-
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The 30-day combined stroke and death rate was 1.5%
and similar between senior surgeons and trainees. There
was no signiﬁcant difference in the combined stroke or
death rate observed in patients with normal CA (1.4%)
compared to patients with a defect corrected (2.8%), (OR:
0.67; 95%CI [0.22e2.09]). But there was an increased inci-
dence of postoperative transient ischemic attack (TIA) in the
group with re-exploration. After 7-years, the freedom rate
from >50% carotid restenosis or occlusion was 87.5  6.7%
in patients with normal completion angiography and
92  5.4% in patients who underwent a surgical revision.
Everybody will agree that leaving an intimal ﬂap in the
internal carotid artery (ICA) in 2.3% of these patients would
have been potentially devastating. If the results of CEA are
to be improved to a near zero postoperative stroke rate, this
ﬁnding alone validates the use of a completion imaging in
this series.
But residual disease was also found in the CCA and in the
ECA. As the series progressed, we became more aggressive
in the stitching of the sectioned intima of the CCA and in
extending the endarterectomy on the CCA to avoid any
signiﬁcant step that has been shown by Archie to be
a harbinger of early emboli and late restenosis.16 Besides,
completion angiography has also shown ﬂap or thrombosis
of the ECA in 2.5% of cases with thrombus bulging into the
ICA in 6 patients (Fig. 1). We consider, with others,7,17 that
defects occurring in the ECA are potentially harmful with
thrombus formation secondary to a ﬂap that may embolize
into the ICA (Fig. 2). In this series, the majority of defects in
the ECA occurred in patients having an eversion endarter-
ectomy of the ECA. In comparison, division of the plaque at
the origin of the ECA, even with a residual stenosis or
feathering at the origin of the ECA, resulted in a signiﬁcantly
lower incidence of ECA defects. In addition, even when
revised successfully, these severely obstructed ECA had
a poor long-term patency with a 40% rate of restenosis or
occlusion comparable to that of 45.9% observed by
Archie.18 Considering these results, and as recommended
by Ascher et al.,14 we decided to avoid as much as possible
any attempt at external carotid endarterectomy and tran-
sect the plaque at the origin of the ECA with the use of
tacking stitches (Fig. 3). In this aspect also, completion
angiography was useful to improve our technique.
Even if completion angiography makes sense, immediate
re-exploration itself may be associated with a higher risk of
Figure 1. Intraoperative completion angiography showing two
different types of defect in the external carotid artery (ECA) after
carotid endarterectomy with a case showing a complete occlusion
of the ECA, and another case showing an intimal ﬂap with
a thrombus in the ECA. Both cases occurred after blind eversion
endarterectomy of the ECA.
Figure 3. (a) Circumferential section of the intima at the oriﬁce of
the external carotid artery. (b) A moderate step is tolerated and
secured with the use of tacking stitches.
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increased risk of postoperative TIA but not stroke. This risk,
conﬁrmed by other authors, has thrown doubt on the value
of completion imaging followed by re-exploration.1,2 But we
don’t know what might have happened to these patients if
they had not been re-explored. Even if it is reasonable to
assume that surgeons who re-explore patients do so
because they consider the risk of stroke is higher if the
abnormality is not ﬁxed,19 it is important however to deﬁne
what is a “signiﬁcant defect”. In this series we ignored 39
minor defects, no need to be too sensitive and inciting
unnecessary re-exploration.
In a recent study, van der Kolk et al.20 have shown, using
postoperative computed tomographic angiography, thatFigure 2. Re-exploration of the external carotid artery (ECA) after
a completion angiography showing a ﬂap in the ECA. A vascular
clamp is placed at the origin of the ECA leaving the internal carotid
artery open. The intimal ﬂap was resected and the distal intima
was afﬁxed using U-stitches. Illustration showing a thrombus in the
external carotid artery secondary to a ﬂap with the risk of
embolism in the distal ICA. From Berguer R and Kieffer E, Editors,
Surgery of the arteries to the head, 1st Edition, New York, Springer-
Verlag, 1992, p. 116, with permission.residual defects after CEA were very common, simple
ﬁnger-prints of the operative procedure, with no clear
clinical consequence. However a large retrospective study
of completion imaging study after CEA by the Vascular
Study Group of New England19 has shown that selective use
of completion imaging was associated with a signiﬁcantly
lower risk of restenosis at 1-year, with a hazard ratio for
restenosis of 0.52 (95%CI, 0.29e0.09, p ¼ .02) when
comparing selective use of completion imaging vs. rare use.
Pratesi et al.2 suggested also that completion angiog-
raphy was useful only in some difﬁcult situations and for
less-experienced surgeons, but this study lacked objective
criteria for revision. When introducing quality control in
carotid surgery, particularly in the setting of a teaching
hospital, we considered it essential to set-up guidelines
including predeﬁned criteria for revision. We used intra-
operative angiography because it was quick, safe, and
produces excellent biplane images without the need for any
added expertise. Using this protocol, we have shown by
logistic regression analysis that trainee, as ﬁrst operator,
was an independent predictor of substantial operative
defects seen on completion angiography (OR 2.4; 95%CI
1.8e4.2, p ¼ .02) but with a 30-day stroke rate of 1.09%
comparable to that of senior surgeons (1.35%).
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Many authors have suggested that intraoperative duplex
scanning with B-mode imaging (CDU) and hemodynamic
assessment of the CEA could be less invasive than
completion angiography and as useful to lower the risk of
stroke in this group of patients.10,13,14 The problem with
CDU in our practice was the availability of the technologist
even if CDU seems to be more cost-effective than
completion angiography.21 Using CDU with small 10 or
15 MHz hockey stick probes, Asher et al.14 found in a series
of 650 consecutive cases 2.3% of CEA (n ¼ 15) requiring
a surgical revision. In this series, no patient had TIAs, and
the combined 30-day death and stroke rate was 0.8%.
According to Asher et al.14 re-exploration using CDU should
be limited to cases in which peak systolic velocity (PSV) was
150 cm/s or greater and was associated with B-mode
imaging abnormality. These authors elected not to rely on
PSV ratio because of the size disparity generated by the
patched segment and the distal ICA. These authors were
also quite conservative with residual plaques on the CCA
and adopted a policy of leaving the ECA undisturbed during
CEA. These authors also emphasized that CDU not only
identify unsuspected major defects, but also contribute to
improve the surgeon’s overall technical expertise.CAROTID ENDARTERECTOMY WITHOUT COMPLETION
IMAGING
Despite evidence that completion imaging can effectively
detect technical problems during CEA, the beneﬁt of
completion imaging remains a matter of debate for many
vascular surgeons. Is completion imaging routinely neces-
sary outside a teaching center? Which abnormalities require
re-exploration? Is re-exploration harmful? Studies struggling
to answer these questions have consisted mainly of non-
comparative or inadequately powered single-center series.
To answer these questions appropriately Wallaert et al.19
assessed the use of completion imaging in New England
and its effect on outcomes after CEA. In this retrospective
analysis, they studied 6115 CEAs and categorized surgeons
based on use of completion imaging as rare (<5%), selec-
tive (5%e95%), or routine (100%). Practice patterns varied:
51% of surgeons performed completion imaging rarely, 22%
selectively, and 27% routinely. After adjusting for patients
characteristics predictive of stroke, the effect of surgeon
practice pattern was not statistically signiﬁcant when
considering 30-day stroke/death rates. Restenosis at 1-year
showed a trend toward a lowest rate for surgeons who
performed completion imaging (rarely:2.8%, selec-
tively:1.1%, and routinely:1.1%; p ¼ .09). After adjustment,
this effect became signiﬁcant for selective-use surgeons.
Overall, 178 patients (2.9%) underwent re-exploration.
Routine-use surgeons were most likely to perform re-
exploration (7.6% routine, 0.8% selective, 0.9% rare,
p < .001). Rates of stroke and death were higher among
patients who underwent re-exploration (3.9% vs. 1.7%;
p ¼ .03). However this trend was attenuated after adjust-
ment for patient characteristics predictive of stroke/death(OR, 2.1; 95%CI, 0.9e5.0; p ¼ .08). The authors conclude
that the use of completion imaging was not associated with
a signiﬁcantly lower risk of 30-day stroke or death. Further
surgeons who selectively use completion imaging have
a signiﬁcant reduction in restenosis at 1-year. In this study,
the group of surgeons who selectively use completion
imaging presented with the lowest crude and adjusted rates
of stroke. One might have thought that rare-users would
miss signiﬁcant abnormalities and routine-users would be
overly sensitive and detect minor defects resulting in
unnecessary re-exploration and increased stroke risk.
Several prior studies have also assessed the relationship
between completion imaging and late restenosis after CEA.
Lipski et al.22 and Dykes et al.23 showed less residual
stenosis in cases using completion angiography and Kinney
et al.24 reported signiﬁcantly lower rates of recurrent
stenosis at 48 months in those cases where completion
angiography was performed. The same trend was found by
Wallaert et al.19 but with a short follow-up of 12 months
limiting the value of their ﬁndings. Other authors,25 not
using completion imaging, have also reported low rate of
restenosis after CEA (5.4%) and insisted that they rarely
required reintervention.CONCLUSIONS
Even if this review of the literature and our experience give
some arguments in favor of the selective use of completion
imaging during CEA, the lack of a randomized controlled
trial contributes to the doubt as to whether it confers any
real beneﬁt. However, it is unlikely that the effectiveness of
intraoperative assessment can be proven by a RCT. This is
ﬁrstly because of the low stroke rate associated with CEA
necessitating a large number of patients, and secondly
because in order to identify which defects should be cor-
rected, there would need to be a group of patients in whom
a defect detected would be left uncorrected, and this would
raise obvious ethical issues. The last option being a RCT
between imaging and no imaging that would include the
potential risk of the completion study in the analysis.REFERENCES
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